An algorithm is described for detection and correction of airway contamination of clearance curves recorded extracranially during regional ce rebral blood flow measurements with inert radioactive gases, mainly xenon-133, Key Words: Airway artefact-Cerebral blood flow-Xenon-133 tech nique,
When regional cerebral blood flow (rCBF) is measured with mUltiple extracranial detectors, some of them will unavoidably be looking at regions that include airways, This complicates the mea surement when an inert gaseous gamma-emitting tracer like xenon-133 is used. Over frontal and tem poral regions, a considerable, sometimes dominant, part of the recorded activity emanates from isotope cleared via the lungs and the airways. This compli cation is especially troublesome during and just after isotope administration by inhalation or intra venous injection (Obrist et aI., 1975; Risberg, 1980) . To make a correct determination of the blood flow in artefact-rich regions, a successful correction for the airway artefact is desirable.
To diminish the problem of the airway artefact, Obrist et aI. (1975) used a "start fit time" for the rCBF analysis when the end-tidal concentration of xenon-133 in the respiratory air had decreased to 20% of its maximal value. However, for detector fields close to the airways, this method of avoiding the airway artefact is inadequate. Computer algo rithms to solve this problem have been tried for both the time domain (Risberg, 1980) and for the frequency domain (Jablonski et aI., 1980) . In the present paper we describe a simple new algorithm working in the time domain that has been found more reliable and that can be used successfully to determine and to correct for the airway artefact of individual clearance curves. It is at present in routine use in our rCBF laboratory.
THEORY
During the first 30 s following the start of xenon-133 administration by inhalation or by intravenous injection, i.e., following measurement start time, counts from the detectors viewing the head are sampled at 1-s intervals. During the ensuing 11 min, the sampling interval is 5 s. Assuming the concen tration of isotope to be approximately equal in all parts of the upper airways (nose cavity, sinuses, pharynx), the shape of a template ("oral") airway artefact curve is determined by recording the con centration of isotope in the respiratory air at the mouth of the patients, using the same sampling intervals as for the detectors viewing the head.
The first 30 s of the template curve thus deter mined show prominent maxima and minima due to variations in isotope concentration accompanying the respiratory cycles (Fig. lB) . The time and am plitude of the maxima and minima of the template curve are determined. The maxima are defined as the highest and the minima as the lowest value in a time interval given by the algorithm (Fig. 2) . The beginning and the end of the time intervals are given as the time when the recorded activity exceeds the thresholds given below. Searching for a minimum is initiated when the recorded activity falls below the threshold (TR) defined by TR21l-1 = MAXn -(MAXn .1 -MINn_I)/3,
where MAXn is the highest activity recorded during 1982 the ongoing time interval, MINn_I is the mllllmum recorded in the preceding time interval, and MAXn _1 is the maximum recorded in the next to last time interval (Fig. 2) ; i.e., for threshold 3, it holds that
The search for a maximum is initiated in the same way when the recorded activity rises above the threshold: where MINn is the lowest activity recorded during the ongoing time interval; MAXn, the maximum recorded in the preceding time interval; and MIN n_l , the minimum recorded in the next to the last time interval; i.e., for threshold 4 (Fig. 2 
As a starting value for the parameters in the algo rithm, we use
Thus, a time and amplitude list of the true maxima and minima is obtained. The number of maxima and minima is usually more than four each, and it is independent of whether the isotope is administered by inhalation for 1 min or more or if it is given intravenously.
To calculate the sum of amplitudes, MAXI is cho sen as the starting point. The amplitude to MIN I and that from MIN I to MAX2 are measured and added together. This is repeated for the next two "valleys," and thus the total sum of amplitudes (AMP) is obtained:
The pairwise calculation eliminates the influence of a linear slope to the underlying base line.
An identical calculation of the sum of amplitudes is performed for the counts recorded by each de tector viewing the head, using the time points corre sponding to the maxima and minima of the template curve. The sum of amplitudes calculated from each head detector, related to that from the template curve, gives the quotient of artefact contamination in each detector field (Fig. 3) . The determined amount of airway artefact in each detector field is the template curve multiplied by the quotient of artefact contamination for each head detector. Sub traction of the airway artefact from the clearance curves of the detectors viewing the head (Fig. lA,C) gives a quantitative compensation of the airway artefact for each detector field. Figure 1 , presents an example of artefact correc tion of a heavily contaminated clearance curve re corded over the lower frontal region (Fig. 1A) . The size and distribution of the airway artefact over the hemispheres are shown in Fig. 3 . The predominance of the artefact in regions related to sinuses, pharynx, and nose is readily seen. The size of the airway arte fact clearly depends on the volume of the airways seen by each detector and the isotope concentration in the air of that part of the airways. As the volume of airways seen by each detector decreases with narrow collimation, this factor may also be used to minimize contamination. It is seen in Fig. 3 that in all detector fields, except those over or close to the airways, the contamination amounted to only 1% or less of the template curve. This means that for the great majority of the head curves used in our rCBF determinations, the contamination factor can be considered negligible.
RESULTS
In order to ascertain that the isotope (xenon-133) concentration in the respiratory air determines the shape of a template artefact curve, the recorded variations of radioactive isotope concentration in the upper airways during the rCBF measurement were compared to the template curve (Fig. 4) .
The recorded variations of radioactive isotope concentration in the upper airways during the re spiratory cycle were synchronous with those re corded at the mouth. The shape of the variations of the various sites corresponded well to those of the template curve. Thus the validity of the algorithm was fully supported. Another factor limiting the usefulness for the present algorithm is the signal-to noise ratio for the curves used for calculation of the quotient of contamination. For the detector shown in Fig. lA, the standard error for the quotient is on the order of 2% for the template curve and the stan dard error for the airway artefact correction about 2.5% of the headcurve at 2 min. The total standard error due to counting statistics added to uncertainty of the airway artefact correction for the isotope curve (Fig. 1A) amounts to about 6% at the beginning of the interval used for rCBF determination (2-3 min). In our laboratory the total standard error for each of the head curves is determined, and the rCBF values derived from isotope curves with a total standard error of 7% or more are considered as unreliable.
DISCUSSION
The present algorithm assumes that the isotope (xenon-133) concentration in the respiratory air de termines the shape of a template artefact curve. When the artefact seen by the head detectors differs in shape from that recorded from the airways at the mouth, which may happen when radioactive gas leaks around from the face mask, the algorithm does not give a complete correction. Such a leakage can, however, be detected and controlled by the use of a detector that monitors xenon-133 in the air around the mask. If the isotope concentration within the upper airways is not homogeneous-for example, if there is a slow isotope convection in the nasal and sinus cavities with a time course similar to that of the isotope supplied by the blood flow-only a par tial correction for the airway artefact can be ob tained by using the present algorithm. Thus, the al gorithm presented shares the limitation with all other attempts to solve for contamination of radia tion from the airways in that an accurate template curve of the airway artefact is needed.
The algorithm of Risberg (1980) for airway ar tefact compensation uses the decrease of activity in the head detectors at the end of inhalation of xenon-133 as an index of contamination. As an air way artefact template the average xenon-133 con centration in the respiratory air, sampled at the mouth, is used. The advantages of the algorithm described here over that of Risberg's are two. First, our method is not dependent on the mode of admin istration for xenon-133 and works equally well for inhalation and intravenous administration, as well as, in the main, for intra-arterial injection. Second, our algorithm gives a more accurate determination of the amount of artefact contamination, since in contrast to the Risberg procedure, it makes allow ance for the increase in the isotope activity under lying the airway artefact during the period of ar tefact determination. Jablonski et al. (1980) , like Risberg (1980) , use the average xenon-133 concentration in the respiratory air sampled at the mouth as an airway artefact template. They determine an air passage artefact (APA) as one of the three main components of the curve recorded by each head detector, the other components being a "fast" and a "slow" blood flow component. The relative sizes of these three components are determined by an algorithm that uses a least-squares fit comparison to the recorded isotope curve in the frequency domain. In addition, an arbitrary standard 5-s correction is used for the delay time between the start of the end tidal curve and the start of the head curves. Deviation of the actual delay time from 5 s is partly compensated for by variations of the size of the air passage artefact. This fact, in addition to introducing an error in the rCBF calculations, may, as described by Jablonski et al. (1980) , sometimes give rise to negative airway artefacts in some detector fields.
Besides high artefact values over the airways, a typical distribution of the air passage artefact analyzed according to Jablonski et al. (1980) also shows a surprisingly high amount of "airway ar tefact" in the occipital region . This finding differs from the artefact dis tribution given by the algorithm presented here, which only shows contamination in the lower fron tal and anterior temporal regions.
